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ABSTRACT
ADDING INCREASED VALUE TO STRAWBERRY PUREE BY ADDING
XYLO-OLIGOSACCHARIDES TO IMPROVE HEALTH

SEPTEMBER 2018

HAOCHEN DAI, B.E., BEIJING TECHNOLOGY AND BUSINESS
UNIVERSITY

M.S., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Amanda Kinchla

Cancer is a global risk for human wellness and health. Dietary habits could
profoundly affect the risk of certain cancer, such as colorectal cancer (CRC)
(Platz, 2000). CRC has listed the third leading cancer among male and female in
the United States (Stewart, 2014). Surprisingly, the consumption of dietary fiber
has an inverse correlation with the mortality of CRC (Song, 2018). However,
most Americans do not consume enough dietary fiber to meet the recommended
level of dietary fiber intake (Clemens, 2012; Lee-Kwan, 2017). Hence, it is
reasonable to increase the nutrient density, i.e., dietary fiber, of current food
model. Xylo-oligosaccharides (XOS), an emerging prebiotics, showed multiple
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advantages over fructo-oligosaccharides (FOS) and inulin. For example, Hsu et
al. (2004) reported XOS are more effective than FOS on increasing
Bifidobacterium level in rat cecum (Hsu, 2004). It is also suggested that dietary
fiber and phenolic compounds have synergistic effect on promoting gut health
(Uehara, 2001; Matsukawa, 2009). Therefore, the application of XOS into a
polyphenol-dense food vehicle (strawberry puree) could be a viable way to
promote gastrointestinal health and help reduce CRC risk.

First, the effect of xylo-oligosaccharides (XOS) incorporation on the quality
attributes of strawberry puree was investigated. Rheological properties, color and
physicochemical characteristics and composition such as water activity, pH, and
total soluble solids, were investigated to determine the maximum XOS content
that can be incorporated into the strawberry pure without significantly altering
the original properties of samples. Based on the collected data, adding xylooligosaccharides greater than 7.5% w/w will significantly change the quality
attributes of the strawberry puree including its rheological characteristics, color
profile, water activity, and total soluble solids. The addition of XOS at 2.5% and
5% w/w did not significantly alter overall quality attributes of strawberry puree.

Second, the effects of heat treatment (HTST, 75℃, 15s and UHT, 121℃, 2s) and
storage condition (storage time: 1, 15, and 36 days; storage temperature: 4℃ and
55℃) on the quality attributes of xylo-oligosaccharides enhanced strawberry
vii

puree was studied (texture, color water activity, total soluble solids, and pH). In
addition, the physicochemical (total phenolic, tannin, flavonoids contents, and
antioxidant activity) evolution was studied. A 9-point Hedonic test was
conducted to evaluate the sensory properties (overall, texture, color, appearance,
sweetness, aroma, flavor) of purees (with and without XOS, 5%w/w) under
different thermal treatments.

Briefly, all nutritional attributes were retained better under cold storage (4 ℃) as
compared to high-temperature storage (55 ℃). The result revealed that thermal
treatment and high storage temperature showed an inverse correlation with puree
consistency. As for chemical analysis, intense thermal treatment (UHT) caused
the most degradation in TPC, TFC and tannin level. However, such treatments
(UHT) helped significantly increase the measurable antioxidant level. For other
physicochemical properties, processing methods (HTST / UHT) and high storage
temperature exhibited more significance in changing the color profiles of the
specimen than XOS incorporation.

Overall, the addition of XOS up to 5% w/w could increase nutritional value of
strawberry puree as well as consumer preference without significantly
compromising quality attributes. Based on instrumental and sensory analysis,
HTST treated strawberry puree with XOS incorporation (5% w/w) meet the
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standard of sensorial attributes of fresh puree with improved shelf-life stability
and fiber concentration.
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CHAPTER 1
INTRODUCTION

1.1 Research background and significance
Current Americans are significantly under consuming dietary fiber (Fig 1.1) which
contributes to health risks such as, potential cancer incidence and other diet-related
chronic diseases. Therefore, finding a way to increase the intake of dietary fiber has
become a challenging goal. With the growing awareness of healthy diet and lifestyle
in general publics, it is viable to increase the nutrition value of traditional food by
adding soluble fibers. To accomplish this, we should develop a proper food delivery
vehicle for soluble fibers as well as control its physical and sensorial properties of the
vehicle to match its original qualities. The development of such food vehicle could be
a viable way to promote gastrointestinal health and help reduce CRC risk.

1.1.1 Current colorectal cancer status
Cancer has been a significant cause of mortality, affecting countries and regions all
over the world. Moreover, confirmed cancer incidents have been increasing over the
past years (NPCR and SEER Incidence – U.S. Cancer Statistics Public Use Database,
2017). Among the ten primary cancers in the world, colorectal cancer (CRC) has
listed the third cancer incidence rate for both male and female (Stewart, 2014; D.
Forman, 2014). It is predicted that the burden of colorectal cancer will increase by
60% to more than 2.2 million cases with a 50% death rate by 2030 (Arnold, 2017).
1

Various evidence showed that dietary pattern contributes to 50-90% in causing CRC
(Platz, 2000). The World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) stated there was convincing evidence linking high red and
processed meat consumption with an increased risk of colorectal cancer (Food,
Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective.,
2007). In a continuous update of the 2007 report, daily consumption of 100g of red
meat increased the risk of colorectal cancer by 17% (Continuous Update Project
Report: Food, Nutrition, Physical Activity, and the Prevention of Colorectal Cancer.,
2011). In addition, there was substantial epidemiological evidence to support that
meat-related compounds are involved in the increase risk of colorectal cancer (Norat,
2001; Chong, 2014; Bernstein, 2015). Whereas, a diet consisting of fruit, vegetable,
and dietary fiber may ameliorate gut microbiota composition, which may
consequently impact the risk of cancer development (Lin D. B., 2017). An
epidemiology study conducted by Song et al., (2018) revealed that an invert
correlation between increased fiber intake after diagnosis from levels before diagnosis
and mortality rate, and each 5-g/d increase in fiber intake was associated with 18%
lower CRC-specific mortality and 14% lower all-cause mortality. These observations
not only offered a scientific foundation to reduce the risk of CRC, but provided an
indirect dietary guideline for the public.

2

1.1.2 Current fiber intake of Americans
According to the 2015-2020 DGA, American should consume more fruits and
vegetables in their dietary pattern to reduce the risk of diet-related chronic diseases
(USDA, 2015). The Institute of Medicine (IOM) published a dietary reference in 2002
indicating the adequate daily consumption of total fiber is recommended at 38 grams
for young men (14-50 years) and 25 grams for young women (19-50 years),
respectively (Trumbo, 2002). However, as shown in Figure 1.1, collected data has
demonstrated that nearly 90% American adults failed to meet the daily recommended
level (DRI) of fruit and vegetable consumption with 50% of the recommended level
intake (Clemens, 2012; Lee-Kwan, 2017).

Fig 1.1. Daily Dietary Fiber intake in the U.S. compared with the daily recommended intake.
(Value was based on an interview conducted in What We Eat in America 2013-2014; DRI value
was based on IOM 2002 Dietary Reference (Trumbo, 2002))

The low-fiber and high meat protein diet in Western societies consequently results in
the exhaustion of the complicity of human gastrointestinal microbiota community and
subsequently increases the incidence of chronic diseases, such as obesity,
3

cardiovascular disease, type II diabetes, and colorectal cancer (Deehan, 2016; Chong,
2014; USDA A. R.).
1.2 Introduction of gut microbiota and probiotics
The gastrointestinal tract is densely populated with bacteria. These microorganisms
not only play a crucial role in the utilization of nutrients, but also profoundly affect
the performance of immune system (Delzenne, 2009; Hooper, 2001). Most bacteria
are benign and provide metabolic, immunologic, and protective functions (Goldsmith,
2014); however, certain pathogenic species may trigger the onset of an acute or
chronic gastrointestinal disorder (Xavier, 2007). Hence, the composition of the gut
microbiota plays crucial roles in host physiology. The imbalance of microbial
community of gut microbiota may lead to the development of several diseases in
human beings such as anxiety or depression (Luna, 2015), obesity (Dahiya, 2017),
diabetes (Qin, 2012), and even cancers (Perez-Chanona, 2016). However, the
consumption of probiotic or proliferation of probiotic in human GI tract will help
suppress several gastrointestinal diseases and promote health benefits. The concept of
probiotics was introduced by the Russian Nobel prize winner, Elie Metchnikoff, in
1908. More than a century later, the studies about the mechanisms and health benefits
of probiotics has been steadily developed since Metchnikoff’s work. Applying
probiotics in patients with dysregulated immune function appears to be a viable diet
therapy. For example, the consumption of probiotic rich food such as yogurt
demonstrated a inversely association with CRC risk (Pala, 2011). Another study
4

revealed that CRC patients with probiotic treatments had a decrease of CRC-related
genera (Fusobacterium and Peptostreptococcus) in the faecal microbiota and
harbored a unique microbiota in the tumor tissue (Hibberd, 2017). The mechanism of
which probiotics is undergoing to promote GI health remains unclear. However, the
suggested mechanisms including: suppressing the growth of pathogenic bacteria,
production of butyric acid, restoring normal intestinal microbiota, and triggering
cytokine synthesis (Kaur, 2002). Currently, probiotics are widely used in yogurts and
dairy products due to the historical association of probiotics and fermented milk.
1.3 Introduction of dietary fibers and prebiotics
The gastrointestinal microbiota communities are affected by several factors such as
host physiology, genetics and environmental conditions (diet and medicine
consumption). Generally, the consumption of dietary fiber and prebiotics is
recommended as a crucial and easy-access method to modify gastrointestinal
microbiota composition, which confers benefits to the host. Dietary fibers are nonstarch polysaccharides and other plant components such as cellulose, resistant starch,
resistant dextrins, inulin, lignins, chitins, pectins, beta-glucans, and oligosaccharide
(IOM, 2005). Some dietary fibers can further be classified as prebiotics in
consideration of its ability to selectively promote the growth of specific bacteria. In
1995, G.R. Gibson introduced the definition of prebiotics as "Non-digestible food
ingredients that beneficially affect the host by selectively stimulating the growth
and/or the activity of one or a limited number of bacteria in the colon" (Gibson GR,
5

1995). In conclusion, most prebiotics are dietary fiber, however, some dietary fiber
are not prebiotics.
One important mechanism of dietary fiber and prebiotics on human health is their
ability to alter gut microbiota. The proactive consumption of dietary fiber and
prebiotics will help modulate the gut microbiota community into a more diversified
state, which consequently exhibits beneficial effect, especially in reducing the risk of
cardiovascular diseases, obesity, type II diabetes and colorectal cancer (Holscher,
2017; Lin D. B., 2017; Song, 2018; Slavin, 2013). For example, a 14-years multiethnic cohort with 75,000 participants revealed that active consumption of fiber (15 g
per day) had a significantly lower diabetes risk (Hopping, 2010). Ning et al.
discovered that the intake of dietary fiber may lower the risk of long-term
cardiovascular diseases in a five-year follow up survey with 11,113 subjects (Ning,
2014). According to a multiethnic cohort study conducted by Park et al., the intake of
dietary fiber had an inverse relationship with CRC risk in both sexes (Park, 2016).
Additional health benefits are reducing the risk of several diarrhea, anti-inflammation
effects, enhancing the bioavailability and uptake of minerals, e.g., calcium,
magnesium, and promoting short-chain fatty acid production (SCFA) (Slavin, 2013).
1.4 Introduction of phenolic compounds
Phenolic compounds are primarily presented in edible fruits and vegetables.
According to the number of phenyl rings and the substitution group of the ring,
phenolic compounds can be classified as phenolic acids, flavonoids, stilbenes and
6

lignans (Manach, 2004). In a typical human diet, the most abundant phenolic
compounds are phenolic acid and flavonoids. These compounds are known for their
antioxidant activity and anti-inflammatory activity both in vitro and in vivo.
Therefore, phenolic-dense diet has been considered as one of the critical components
to help reduce the incidence of several chronic diseases including type II diabetes and
a number of cancers (Zhang, 2014). For example, Pedersen et al., (2003) revealed that
the consumption of wine, which is rich in phenolic compounds, in the human diet
could potentially reduce the risk of rectal cancer. Fujiki et al. reported that
epigallocatechin gallate (EGCG), i.e., a type of phenolic compound, target cancer
stem cells in numerous human cancer tissues (Fujiki, 2015). The mechanisms of such
health benefits might be due to the strong antioxiodant activity of phenolic
compounds (Shahidi, 2015).
1.5 Synergistic effects of prebiotics and phenolic compounds on human
gastrointestinal health
Both dietary fiber (or prebiotics) and phenolic compounds are abundantly present in
fruits and vegetables, and often time, consumed together in a typical vegetarian diet.
Compared to fermentable prebiotics, phenolic compounds also establish similar
bioavailability to maintain gastrointestinal health, for example, the consumption of a
polyphenol-rich-diet can selectively support the growth of probiotics in the human
gut, which exerts potential prebiotic benefits associated with the intake of phenolic
compounds presented in plant-based foods (Queipo-Ortuño, 2012; Tzounis, 2008).
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However, the biological properties of antioxidants (like phenolic compounds) mostly
relies on its bio-accessibility and bio-availability in human intestines (Saura-Calixto,
2011). Therefore, the physiological condition of the human gastrointestinal tract may
have a profound impact on the utilization and the bioavailability of phenolic
compounds.
The diversity of the human gut microbiota plays a unique role in the biological
properties of phenolic compounds. It has been established in many animal studies that
the incorporation of fermentation of prebiotic oligosaccharides in animal diets may
enhance the bioavailability of phenolic compounds in the digestive tract (Uehara,
2001; Matsukawa, 2009). This phenomenon may be attributed by oligosaccharides'
prebiotics effect on modifying gut physiology, therefore, creating favorable
conditions for the growth of selected bacteria, which will further help the digestion
and absorption of phenolic compounds.
Dietary fibers could also act as carriage vehicle for polyphenol compounds and other
antioxidants, carrying them through the upper digestive tract into the human large
intestine, which increases the bio-accessibility of these compounds to human gut
microbiota. The microbiota will further digest large phenolic compounds into
absorbable metabolites as well as help release none-extractable polyphenols from the
food matrix into the large intestine (Saura-Calixto, 2011). Hence, incorporating
dietary fiber (or prebiotics) in a food vehicle which is rich in phenolic compounds
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may exhibit better effect on human gastrointestinal health than solely consuming of
one substance alone.
1.6 Introduction of xylo-oligosaccharides (XOS)
1.6.1 Production of xylo-oligosaccharides
Oligosaccharides, which are crucial members in the family of prebiotics, are relatively
new ingredients for functional food. The demand for prebiotics has increased since
the discovery of its ability to adjust gut microbiota. Many neutraceutical products are
adopting fructo-oligosaccharides, galacto-oligosaccharides, xylo-oligosaccharides,
and lactulose due to their potential market. The production of fructo-oligosaccharides
can be achieved by microbial enzymatic hydrolysis of sucrose or inulin (Kurakake,
2010; Bali, 2015). Galacto-oligosaccharides are also manufactured through the
enzymatic reaction using lactose as substrate (Torres, 2010).
However, unlike most oligosaccharides, which require limited substrates such as
sucrose and lactose, the source of xylo-oligosaccharides is widely present in plants
and vegetables. Xylo-oligosaccharides can be acquired through the chemical or
enzymatic hydrolysis of xylan (Vázquez, 2000), which is abundantly available in
nature as a significant constituent of hemicellulose, a component of lignocellulosic
biomass(LCM) (Singh RD, 2015; Samanta, 2015). The production of xylooligosaccharides from agricultural waste (such as corncob, corn stalks, and wheat
stalks) offers excellent commercial potentials for neutraceutical producers as the raw
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material is considerably cheap and abundant in amount (Garrote, 2002; Parajó, 2004;
Liu, 2005).
1.6.2 Physicochemical properties of xylo-oligosaccharides
Xylo-oligosaccharides are sugar oligomers linked by β1–4 bonds with 2-6 degree of
polymerization (DP) (Figure 1.2). These oligomers are widely present in honey, fruits,
vegetables, milk and bamboo shoots (Kumar V, 2011). Depending on different
degrees of polymerization, they are known as xylobiose, xylotriose, and so on.

Fig 1.2. Chemical structure of Xylo-oligosaccharides (n is a variable number depending on the
degree of polymer)

Xylo-oligosaccharides can withstand thermal treatment up to 100°C under acidic
conditions (pH=2.5-8), which cover the pH values of most food systems (Courtin,
2009). It also shows advantages over inulin regarding its stable performance to both
acidity and heat in food processing, allowing its application in low-pH food products
(Vázquez, 2000). In addition, xylo-oligosaccharides could be a potential natural
alternative sweetener due to its unique sweet profile. Kim et al. (2015) reported that
XOS was 0.25-fold sweeter than 5% sucrose solution with a unique sour and corn silk
flavor. Besides, XOS did not show adverse flavor of artificial sweeteners, such as
bitterness and acridness (Kim, 2015). Samanta et al. (2015) also reported with another
10

result that 10% XOS solution received 92% of the sweetness as compared to 10%
sucrose solution. The study also stated that the energy value of XOS was 1.5 kcal g-1
as compared to sucrose (3.9 kcal g-1). Hence, the physicochemical properties of XOS
exhibit many advantages over FOS and inulin. By the applications of xylooligosaccharides, food producers can not only have a wider range of processing
condition to choose from, but also help customer increase fiber intake and decrease
calories, sucrose intake level.
1.6.3 Health benefit effects of xylo-oligosaccharides
Human lacks the enzyme to hydrolyze β bonds, therefore xylo-oligosaccharides can
stay intact until they reached the large intestine, where they become the substrates for
certain strains of beneficial microorganisms. Prebiotics effect of XOS on proliferating
Bifidobacterium has been confirmed both in vitro and in vivo (Campbell, 1997;
Mäkeläinen, 2010). In a human study, Okazaki et al. indicated that xylooligosaccharide could selectively support the growth of Bifidobacterium, moreover,
help to build favorable environmental conditions in the intestines (Okazaki, 1990).
Moreover, XOS was better at increasing Bifidobacterium level than FOS and other
oligosaccharides (Santos, 2006). Campbell et al. (1997) reported that diet
incorporated with xylo-oligosaccharides resulted in the most significant elevation in
Bifidobacterium in rat (Campbell, 1997). More studies showed similar results, Rycroft
et al. (2001) found that XOS resulted in a significant increase in Bifidobacterium
numbers after 24 h of incubation (Rycroft, 2001); Hsu et al. (2004) reported XOS are
11

more effective than FOS on increasing Bifidobacterium level in rat cecum (Hsu,
2004).

1.7 Current application of xylo-oligosaccharides in foods
Most oligosaccharides (including XOS) are derived from plant, which is widely
consumed as natural food products. Moreover, due to the indigestibility nature of
oligosaccharides, they are generally well-tolerated when added to food products. In
animal models, different studies reported that administration of up to 6% XOS of
diets does not exhibit any adverse effects (Hsu, 2004; Santos, 2006). Human clinical
trials also reported that the consumption of xylo-oligosaccharides up to 12 g per day
was well tolerated without adverse effects (Xiao, 2012). Other authors also reported
similar recommended value of 8-12 g of XOS daily consumption (Samanta, 2015).
The minimum dosage to induce a bifidogenic response was reported to be 1g/day
(Okazaki, 1990). However, higher XOS level had greater increase in Bifidobacterium
counts (M. Finegold, 2014).

Based on its unique prebiotic characteristics, xylo-oligosaccharides have mainly been
applied as functional ingredients in beverages and milk or symbiotic (symbiotic
powder, yogurt) (Vázquez, 2000; Moure, 2006). The recommended dosages in these
foods are suggested to be 0.2-1.2 g per serving according to the GRAS notification for
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Xylo-oligosaccharides (Shandong Longlive Biotechnology, China) (NutraSource,
2013).

With the growing consumer awareness of healthy food, food manufactures recognized
the increased value that functional ingredients contribute to the enhancing value to
food products. Consequently, functional food markets have exhibited an impressive
growth all over the world (Klaus, 2003; Son, 2014; Granato, 2010). The incorporation
of xylo-oligosaccharide in foods was first introduced in the Japan market. However,
suitable food vehicles with enhanced health benefits should be developed based on
American population preference.

1.8 Research purpose and main content
In this study, we aim to focus on the incorporation of xylo-oligosaccharides into
polyphenol-dense food vehicle (strawberry puree) to enhance its nutrition value.
Furthermore, quality attributes of XOS enhanced strawberry puree will be
investigated.
First, the threshold of incorporation ratio was analyzed to obtain similar product
attributes of original strawberry puree. Also, the maximum daily dosage of XOS was
also considered in the experiments.
Second, two different thermal processes (HTST, 75℃ for 15s; UHT, 121℃ for 2s)
was conducted to mimic the effects of industrial processes on quality attributes of
13

XOS incorporated strawberry puree. A 36-day shelf-life study with two storage
temperature (4℃ and 55℃) was performed to observe the evolution of quality
attributes (texture, color, pH, water activity and more physicochemical attributes) of
thermally processed products over time. A 9-point hedonic sensory trial was carried
out with 105 untrained public panelists to evaluate customer acceptance of XOS
enhanced puree against different process treatments.
The result of this research helps give industry guidance of using xylooligosaccharides as a functional ingredient in berry-based products in terms of dosage
and thermal treatment reference.
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CHAPTER 2

OPTIMUM RATIO OF XYLO-OLIGOSACCHARIDES INCORPORATION
IN STRAWBERRY PUREE

2.1 Abstract
The effect of xylo-oligosaccharides (XOS) on the quality attributes of strawberry
puree was investigated to determine the ideal threshold of XOS addition without
compromising overall quality. Rheological properties, color and physicochemical
characteristics and composition such as water activity, pH, and total soluble solids,
were analyzed to determine the maximum XOS content that can be incorporated into
the strawberry pure without significantly altering the original properties of samples.
Based on the collected data, xylo-oligosaccharides will significantly change the
quality attributes of the strawberry puree including its rheological characteristics,
color profile, water activity, and total soluble solids when incorporated at
concentrations above 7.5% w/w. Texture, water activity and pH were statistically
close to fresh puree sample with XOS addition of 2.5% and 5% w/w.

2.2 Introduction
Colorectal cancer (CRC) is the third leading cancer in the United States for both male
and female (Stewart, 2014; D. Forman, 2014). A key influence of the risk of CRC is
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based on diet (Platz, 2000). For example, the consumption of red meat and processed
meat have a positive relationship with CRC development (Food, Nutrition, Physical
Activity, and the Prevention of Cancer: A Global Perspective., 2007; Continuous
Update Project Report: Food, Nutrition, Physical Activity, and the Prevention of
Colorectal Cancer., 2011). On the other hand, inverse correlation was found between
the consumption of dietary fiber and the mortality of CRC (Song, 2018).
Unfortunately, most American population failed to meet the recommended level of
dietary fiber intake (Clemens, 2012; Lee-Kwan, 2017). Therefore, it is important to
increase the nutrient value of foods consumers accept, such as fruit based beverages.
As a result, we may help Americans reach the daily recommendation level of dietary
fiber intake with minimal change in lifestyle i.e., diet.
Xylo-oligosaccharides (XOS), a group of soluble fibers, are considered to be
emerging prebiotics as compared to other established prebiotics such as fructooligosaccharides or inulin. Moreover, XOS exert great potential as an new fiber
supplements due to its wide range of raw material source (Garrote, 2002) and better
efficacy in promoting Bifidobacterium (Rycroft, 2001; Santos, 2006). Due to the
advantages of xylo-oligosaccharides as described, it is valuable to adopt xylooligosaccharides into current food products.
Phenolic compounds are known for their antioxidant activity and anti-inflammatory
activity both in vitro and in vivo. These compounds were considered as one of the
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critical components to help reduce the risk of several chronic diseases including type
II diabetes and a number of cancers (Pedersen, 2003; Zhang, 2014; Fujiki, 2015).
However, the biological properties of antioxidants (like phenolic compounds) mostly
relies on its bio-accessibility and bio-availability in human intestines (Saura-Calixto,
2011). Therefore, the physiological condition of the human gastrointestinal tract may
have a profound impact on the utilization and the bioavailability of phenolic
compounds. Based on epidemiological evidence, the presence of dietary fiber and
prebiotic in human large intestine helped increase the bioavailability of phenolic
compounds as compared to the presence of phenolic compounds alone (Matsukawa,
2009). Hence, it is highly valuable to investigate incorporating xylo-oligosaccharides
into a polyphenol-dense food vehicle to increase the nutrition value by increasing
fiber level.

According to the results of established human clinical trials, the maximum dosage of
xylo-oligosaccharides consumption can reach up to 12 grams per day without adverse
effects (Xiao, 2012). Therefore, the dosage of incorporation needs to be investigated
in consideration of human maximum daily consumption.

XOS were mainly

incorporated in soft drinks, tea and dairy products (milk, yogurt) or used as functional
prebiotics in symbiotic products (Vázquez, 2000; Moure, 2006). The recommended
dosages in these foods are suggested to be 0.2-1.2 g per serving according to the
GRAS notification for Xylo-oligosaccharides (Shandong Longlive Biotechnology,
China) (NutraSource, 2013). Besides the beneficial effects, introducing prebiotics in
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specific food systems can influence other attributes, such as textural and organoleptic
properties of the food products (Charalampopoulos D, 2012). However, more studies
are needed to investigate the impact of different XOS dosage on physicochemical
properties of the food. As a result, it is necessary to look for the optimum
incorporation dosage of xylo-oligosaccharides that will not significantly alter the
original quality attributes of the product.
In this chapter, textural and other quality attributes (color, water activity, pH and total
soluble solids) of strawberry puree samples with different xylo-oligosaccharides ratios
(0%, 2.5%, 5%, 7.5%, and 10% w/w) will be investigated. The ideal ratio should be
able to maintain the original quality attributes of the samples with added nutritional
value. Investigating optimal concentration of XOS in fruit based foods will help
provide guidance for industry practice as well as fundamental evidence for further
scientific analysis.

2.3 Material and Methods
2.3.1 Preparation of strawberry puree
Frozen strawberry (Fragaria × ananassa) fruits from a local distributor (Stop &
Shop) were sourced. Strawberry fruits were visually inspected to remove any leaves
and other physical contaminants. Xylo-oligosaccharides (95P), which were
manufactured by Shandong Longlive Bio-technology Co., (Qingdao, China), were
sourced from AIDP corporation (California, U.S.) in the U.S.A.
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Frozen strawberry fruits were tempered under room temperature before further
pulverized. Thawed strawberry fruits (1 kilogram) were blended in a Coolife HS-767
blender (Shenzhen, China) at low blend speed for 5 mins. The pulverized puree was
then transferred into different beakers and blended with different ratios of xylooligosaccharides (0%, 2.5%, 5%, 7.5% and 10% w/w). using a Cuisinart smart stick
blender (East Windsor, U.S.) for an additional minute at low blend speed for the
completion of sample preparation. Texture and color analysis were conducted right
after sample preparation. Tested samples were stored at -20℃ until other analysis.
2.3.2 Imperfect lubricated squeezing flow viscometry
Semi-solid food products, such as fruit purees, are susceptible to ‘slip’ using
conventional viscometers, where solid particles within the food system tend to
migrate to low shear stress regions and form a layer of liquid film devoid of particles.
By measuring the liquid film, the true rheological properties of the food are
suppressed. Therefore, for strawberry puree samples, imperfect lubricated squeezing
flow viscometry (LSF) was selected to characterize the rheological properties of these
samples (Campanella, 2002). LSF tests were conducted using a TA.TX. Plus Texture
Analyzer (Texture Technologies Corp., Hamilton, MA, USA) equipped with a 50 kg
load cell. All measurements were tested at room temperature, i.e., 22 ± 1 ℃ and
sample volume was 75ml for each measurement. Samples were gently transferred into
a shallow Teflon container (140 mm in diameter) and were compressed using a Teflon
plate (100mm in diameter) to minimize the effect of the annular flow on the
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measurement (Campanella, 2002; Damrau, 1997). All samples were compressed to a
final height of 0.8mm at a speed of 0.5 mm s-1 (Figure 2.1). After being deployed to
its final position, the crosshead was held at the final height for 130 seconds and the
residual force was recorded during that time. All samples were tested in triplicates
with two measurements for each individual replicate.

Fig 2.1. Schematic view of imperfect squeezing flow array

The apparent stress at three heights within the squeezing flow regime, namely at 0.8,
1.5 and 2 mm, were determined from the recorded force as follows:
σ@ 0.8,1.5 𝑜𝑟 2 𝑚𝑚 =

𝐹@ 0.8,1.5 𝑜𝑟 2𝑚𝑚
𝜋𝑅 2

(2.1)

where “σApp @ height H” is the apparent stress at the indicated height, F is the force
recorded at each height in N and R is the radius of the upper plate in m.
The consistency of different strawberry samples was compared based on the estimated
apparent compressive stress (σApp @ height H) each height (Eq. 2.1) (Suwonsichon,
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1999). The sample’s residual apparent stress provides information about the
specimen’s structural solidity and can be calculated as shown in Eq. 2.2,
σ@ 60 𝑜𝑟 120 𝑠 =

𝐹@ 60 𝑜𝑟 120 𝑠
𝜋𝑅 2

(2.2)

where σApp @ t is the residual apparent stress after the samples has been allowed to
relax at a given height for a given time t, F is the force detected at given time in s and
R is the radius of the upper plate in m.
2.3.3 Color Analysis
Instrumental color was analyzed using a HunterLab ColorFlex EZ (HunterLab,
Reston, VA, USA), which was calibrated against a white and black tile. Samples (30
mL) at room temperature were filled into a low reflectance sample cup and placed
over the aperture of the colorimeter. The color of strawberry puree was measured
using the CIE-Lab color space. L* (lightness), a* (redness) and b* (yellowness)
values were collected for each sample, respectively. Three independent replicates
were analyzed and each replicate was measured three times. In addition, based on
collected data, Total color difference (TCD, ΔE) of different samples was calculated
against control using equation 3 (Sulaiman, 2017).
TCD (ΔE) = √(𝐿∗ − 𝐿∗0 )2 + (𝑎∗ − 𝑎0∗ )2 + (𝑏 ∗ − 𝑏0∗ )2

(2.3)

where L*0, a*0, and b*0 are the color profile of fresh puree without XOS treatment.
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2.3.4 Other physicochemical characteristics
2.3.4.1 Water activity
Water activity analysis was conducted using AquaLab 4TE Dew Point water activity
meter (METER Group Inc, Pullman, U.S.A.). The meter was calibrated with standard
solutions with a validation error of ± 0.0003. Puree samples (6 mL) were well
encapsulated in an airtight container to avoid moisture loss until the sample
temperature has reached room temperature for analysis.
2.3.4.2 pH analysis
pH analysis was performed under room temperature on a Metrohm 827 pH lab meter
(Metrohm, Herisau, Switzerland) equipped with Unitrode with Pt1000 probe. The
instrument was calibrated with standard buffer solutions (pH=4, pH=7, Fisher
Scientific, U.S.) prior to measurements.
2.3.4.3 Total soluble solids (TSS)
Brix (total soluble solids g/100g) was analyzed using a Milwaukee refractometer
(MA871, Rocky Mount NC, USA). The meter was calibrated with distilled water
prior to measurements.
2.3.5 Statistical analysis
All quality measures were conducted as 3 replicates with 2 measurements. ANOVA
and Duncan analysis was performed on Statistical Analysis System software 9.4 (SAS
Institute, Cary, NC, USA).
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2.4 Result and Discussion
2.4.1 Imperfect lubricated squeezing flow viscometry of strawberry samples
Typical force versus time (A) and force versus specimen’s height (B) schemes are
shown in Fig 2.2. As can be seen in the force versus time figure (A), the highest peak
indicates the max resistant force at height 0.8mm. The sudden drop of force after the
peak represents the relaxation period where the solidity of the specimen can be
measured. According to the force versus height figure (B), the intersection of the
curve and the X axis represent the starting point (t=0s) in figure A, whereas the peak
force in figure B indicates the same peak force in figure A. Figure A and B gives a
better indication of the rheological properties of the specimen. The measurement of
apparent stress at different height and time can be calculated using Eq 2.1 and 2.2,
respectively. The rheological parameters comparisons of such measurements with
different XOS incorporation ratios are shown in Table 2.1. Apparently, the smaller the
height of the sample the greater apparent it is going to yield. As a result, by lowering
the height of the sample, we can have a better measurement of the samples
consistency. However, the height of the samples cannot be reduced to infinity. It can
cause great distortion of the result when the height is less than 1mm. Therefore, the
apparent stress at 1.5 mm can be used as an indicator for the consistency of the
specimen without introducing too much deviations.
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A: Force vs Time

B: Force vs Height
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Fig 2.2. Typical squeeze flow curve of strawberry puree sample (A: force versus time & B: force
versus height)

The increase of xylo-oligosaccharides content resulted in decrease (p<0.05) in the
consistency of strawberry puree samples expressed as apparent stress at 0.8, 1.5 or 2
mm height (Table 2.1). Based on these rheological parameters, a Duncan test revealed
that samples with an addition of 2.5% (333.98 ± 13.33 Pa) and 5% (334.35 ± 23.71
Pa) w/w xylo-oligosaccharides are statistically similar to the control (341.84 ± 5.33
Pa) at 1.5mm, although slight differences were detected. At XOS concentration higher
than 7.5% (321.18 ± 8.64 Pa) w/w, differences between the control and the XOS
containing samples were detected at 1.5mm. However, during the relaxation period,
the residual stress are not affected by XOS content (Table 2.1). In other words, the
apparent stress at 60s and 120s are independent from XOS incorporation.
Unlike other product such as dairy products or bread, puree contains a considerable
number of polysaccharides and disrupted plant cells in a clear serum. The
incorporation of oligosaccharides will alter the molecular composition of the food
system, i.e., large polysaccharides are replaced by smaller oligosaccharides. This
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molecular composition change is similar to fruit ripening, where large molecules like
polysaccharides are broken
Table 2.1. Rheological parameters of strawberry puree with different XOS ratios obtained using
imperfect squeezing flow viscometry
XOS ratio
(w/w)

Apparent stress
@ 2mm (Pa)

0.0%

252.72 ± 3.93

2.5%

247.00 ± 10.91

AB

333.98 ± 13.33

AB

621.72 ± 28.53

5.0%

244.06 ± 11.08

AB

334.35 ± 23.71

AB

7.5%

233.56 ± 5.98

10.0%

225.43 ± 14.06

A

Apparent stress
@ 1.5mm (Pa)
341.84 ± 5.33

BC

C

321.18 ± 8.64

A

B

A

Apparent stress
@ 60s (Pa)

Apparent stress
@ 120s (Pa)

71.35 ± 12.50

A

61.30 ± 16.88

A

AB

53.07 ± 36.35

A

63.51 ± 11.67

A

618.62 ± 28.97

AB

61.18 ± 7.63

A

56.24 ± 7.85

A

601.01 ± 18.29

BC

61.25 ± 5.96

A

55.97 ± 7.01

A

586.27 ± 34.80

C

67.43 ± 4.11

A

63.69 ± 4.79

A

634.26 ± 8.96

B

318.40 ± 23.70

Apparent stress
@ 0.8mm (Pa)

Note: In each column, values followed by different letters are statistically different accoridng to Duncan test (p<0.05)

into small oligosaccharides and monosaccharides by enzymes. The composition
change consequently causes the softening of the fruit (Knee, 1973) . Xylooligosaccharides are soluble short-chain oligomers with the degree of polymerization
of 2-6. These compounds have less degree of polymerization compared to insoluble
polysaccharides such as cellulose or hemicellulose, whereas large particles have their
unique ability to aggregate and form complex networks. A similar conclusion has
been established by Sánchez et al. 2002, where higher water insoluble content and
larger molecular size polymers yield higher value in rheological parameters (Sánchez,
2002). Rheological properties showed a negative correlation with increase in the total
soluble solids content (Table 2.3). Cordenunsi et al., (2005) reported the same
correlation between texture and TSS increase in a shelf-life study, where increased
level of xylose were observed during cold storage of two strawberry cultivars,
indecating the disassembly of plant cell walls. Therefore, the replacement of
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polysaccharides with oligosaccharides will decrease the consistency of the sample,
which indicates insoluble fiber plays a more significant role in maintaining the
structural integrity of the system than soluble fiber. At the same time, sample residual
apparent stress is not affected by XOS concentration.
2.4.2 Color analysis of strawberry samples
Color is an important attributes which not only affecting products’ appearance, but
also consumers’ acceptance. As a red based fruit, L* (lightness, + light, - dark) and a*
(redness, + red, - green) values are more representable than b* (yellowness, + yellow,
- blue) value to describe the color profile of strawberry puree. L*a*b* values and total
color difference (TDC) are shown in Table 2.2.
Table 2.2. Color analysis of strawberry samples with varying ratios of XOS
XOS
ratio (w/w)

L*

0.0%

30.24 ± 0.32

2.5%

29.51 ± 0.26

5.0%
7.5%
10.0%

a*

b*

A

40.54 ± 0.82

B

40.13 ± 0.82

C

28.84 ± 0.28

D

28.09 ± 0.24

E

27.45 ± 0.35

Total color difference
(TCD)

A

24.3 ± 0.78

B

24.16 ± 0.62

C

39.88 ± 0.86

D

39.40 ± 1.03

E

39.10 ± 0.86

A

0.00
A

1.08 ± 0.16

A

1.66 ± 0.20

A

2.55 ± 0.36

A

3.45 ± 0.29

24.19 ± 0.72
24.10 ± 0.94
23.98 ± 0.65

Note: In each column, values followed by different letters are statistically different accoridng to Duncan test (p<0.05)

As is shown above, both L* and a* values decrease with the increase ratio of xylooligosaccharides incorporation. However, the incorporation of XOS does not
statistically affect the b* value.
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Thus, the addition of xylo-oligosaccharides turns the strawberry puree into a darker
and less red state. Similar results were established by Grigelmo-Miguel et al., where
L* and a* values of strawberry jam had a negative correlation with nominal soluble
solids (peach dietary fiber) increase. (Grigelmo-Miguel, 1999).

Fig 2.3 Picture of strawberry puree at different XOS concentration

TCD parameters, also expressed as ΔE, can be used as a reference to determine the
acceptance of color shift. Differences in total perceivable color can be statistically
classified as very distinct (ΔE > 3), distinct (1.5 < ΔE < 3) and small difference
0.5 < ΔE < 1.5 (Adekunte, 2010; Sulaiman, 2017; Drlange, 1994). 2.5% w/w XOS
incorporation showed a small difference whereas samples have 5% and 7.5% w/w
XOS incorporation showed a distinct difference based on the classification of color
difference. Samples with 10% w/w XOS content had a very distinct color difference
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compared to control. However, organoleptic observation did not show such sensitivity
in color difference (Fig 2.3).
2.4.3 Water activity, pH and total soluble solids (TSS) in strawberry samples
Table 2.3 shows some characteristics (water activity, pH and total soluble solids) of
different strawberry samples. pH and TSS values of untreated strawberry puree are
similar to the established results from different studies (Sturm, 2003; Kafkas, 2007;
Osorio, 2008; Cheng X.-F. Z., 2014).
Table 2.3. Physicochemical characteristics of strawberry puree with different XOS ratios
Water Activity

pH

Total Soluble Solids
(TSS)

0%

0.9902 ± 0.0013A

3.35 ± 0.02A

7.68 ± 0.37E

2.5%

0.9885 ± 0.0025

A

3.36 ± 0.03

A

9.97 ± 0.35

5%

0.9882 ± 0.0016

A

3.36 ± 0.03

A

12.18 ± 0.58

C

7.5%

0.9841 ± 0.0028

B

3.36 ± 0.02

A

14.53 ± 0.28

B

10%

0.9838 ± 0.0014

B

3.36 ± 0.02

A

16.80 ± 0.33

A

XOS ratio
(w/w)

D

Note: In each colomn, values followed by different letters are statistically different according to Duncan test (p<0.05)

Total soluble solids (Brix) yields a perfect linear relationship (r2 =0.99994, data not
shown) with the incorporation of xylo-oligosaccharides. This can be explained by the
definition of Brix, which is the sugar content of an aqueous solution. The increase of
soluble oligosaccharides in the system will consequently increase Brix level.
Water plays an important role in the production of food products, which include
structural change, bacteria or enzyme inactivation, and even color and flavor
formation. As expected, the result indicated that the addition of xylo-oligosaccharide
had a negative correlation with the water activity (Table 2.3). This might due to XOS’
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water holding capacity. Similar result was also reported by Ayyappan et al. where
XOS was incorporated in cookies (Ayyappan, 2016). It is suggested that the hydroxyl
groups, which were present in XOS molecules, might play a unique role in binding
and entrapping water molecules. However, the water binding capability was not very
strong, an increase of 10% w/w XOS concentration only resulted in 0.65% water
activity drop as compared to fresh puree(data not shown).
The pH value is not only an essential organoleptic characteristic of the product but
also jointly affects the color expression of anthocyanin pigments in strawberry
(Holcroft, 1999). The pH of all tested sample ranged from 3.35- 3.36. The addition of
XOS, which original pH=4.05 ± 0.09 (NutraSource, 2013), does not alter the pH of
strawberry puree. Grigelmo-Miguel et al. found similar pH result when applying
peach dietary fiber (pH=3.91) in strawberry jams (pH ranged from 3.08-3.29)
(Grigelmo-Miguel, 1999). As is known, most food was a complex mixture of
chemicals. The native organic acid presented in strawberry might be the reason
behind the stability of the sample pH level.

2.5 Conclusions
The application of xylo-oligosaccharides into polyphenol dense food vehicle, i.e.,
strawberry puree, is a promising way to help Americans reach the amount of dietary
fiber they need for daily consumption. Furthermore, the intake of such functional
ingredients helps reduce certain risks of chronic diseases, such as cardiovascular
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diseases and colorectal cancer. We discovered that the incorporation of XOS has a
negative correlation with puree consistency when compressed to 0.8, 1.5 and 2mm.
Also, inverse relationship was found in XOS ratio and water activity. However, the
water activity was not dropped significantly, i.e., with 10% w/w increase of XOS
ratio, only a decrease of 0.0064 in water activity was observed (data not shown). In
addition, a linear relationship with XOS ratio and Brix level was established with an
R2 of 0.99994 (data not shown). Excessive amounts of XOS can change the color
profile of strawberry specimens to a darker and less-red shift. The solidity of
specimen, yellowness color profile and pH value, on the other hand, is not affected by
XOS concentration based on statistical analysis at all concentrations.
After thorough data analysis and comparison, we found that 5% of XOS (w/w) is the
maximum dosage without significantly altering texture, water activity and pH quality
of strawberry. Significant differences of color and total soluble solids were detected at
2.5% XOS concentration. However, organoleptic observation of color shift may not
be as sensitive as instrumental analysis. The average total fiber content in fresh
strawberry fruits is approximately 2 g/100g FW (Ramulu, 2003; USDA National
Nutrient Database for Standard Reference : USDA ARS, 2018). Based on this value,
the application of XOS up to 5% (w/w) can offer approximately 4.65 g more total
fiber content in 100 g of strawberry puree. Therefore, with the utilization of XOS in
strawberry puree, there is a potential of increasing daily fiber consumption to promote
health without changing lifestyle habits. Future works are needed to investigate XOS’
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respond to thermal treatments, long term affect to the products as well as sensorial
evaluation.
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CHAPTER 3

ANALYZING THE EFFECTS OF THERMAL PROCESSING ON THE
PERFORMANCE OF XOS IN STRAWBERRY PUREE

3.1 Abstract
Incorporation xylo-oligosaccharides into strawberry puree gives great potential on
promoting health benefits by increasing the total dietary fiber content. Previous study
revealed that the incorporation of XOS up to 5% (w/w) showed minimal effect in
quality change (texture, water activity, pH). However, the effect of thermal treatment
and extended shelf-life analysis are needed for further applications of XOS in
strawberry puree products.
In this chapter, the effects of thermal treatments and storage condition on the quality
attributes of XOS enhanced strawberry puree using traditional thermal process
(HTST: 75℃, 15s / UHT: 121℃, 2s). Physicochemical properties (total phenolic,
tannin, flavonoids contents, and antioxidant activity) were measured under vary
storage conditions (storage time: 1, 15, 36 days; storage condition: 4℃ and 55℃).
The result showed that HTST treated samples had higher total phenolic content (TPC)
and tannin level as compared to UHT treated samples. Minor flavonoids levels
differences were detected between HTST and UHT treated samples. The antioxidant
capacity in both HTST and UHT samples increased as compared to control due to the
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increase of extractability of antioxidant compounds under higher temperature. All
nutritional attributes were retained better under cold storage (4 ℃) as compared to
high-temperature storage (55 ℃).
Strawberry specimens consistently received higher scores in all sensory attributes
with XOS incorporation. The presence of XOS significantly increased the sweetness
score of the sample. In all process treatments (fresh, HTST and UHT), samples with
UHT process were scored the least in every sensory attribute of the test. HTST treated
sample received similar score in texture, appearance and aroma as compared to fresh
puree.
Based on instrumental and sensory analysis, HTST treated strawberry puree with
XOS incorporation meet the standard of sensorial attributes of fresh puree with
improved shelf-life stability.

3.2 Introduction
Chronic diseases such as cardiovascular diseases and cancer has been a threat to
human health. It was reported that colorectal cancer (CRC) was the third leading
cancer for both male and female in the United States (Stewart, 2014; D. Forman,
2014). Such risks could be reduced by increasing fruits and vegetable consumption
and reducing red meat intake (Food, Nutrition, Physical Activity, and the Prevention
of Cancer: A Global Perspective., 2007; Continuous Update Project Report: Food,
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Nutrition, Physical Activity, and the Prevention of Colorectal Cancer., 2011; Song,
2018). However, a typical western diet, which suffers from high animal protein and
fat intake (Wu, 2011), lacks adequate fiber intake. According to different studies,
most American failed to reach the DRI (daily recommended intake) level of dietary
fiber (Clemens, 2012; Lee-Kwan, 2017). Xylo-oligosaccharides (XOS), a group of
soluble fibers, are emerging prebiotics which exert great potential as an new fiber
supplements due to its abundant raw material supply (Vázquez, 2000; Liu, 2005) and
better efficacy in promoting Bifidobacterium (Campbell, 1997; Hsu, 2004). In
addition, dietary fiber may play a crucial role in helping increase the bioavailability of
phenolic compounds in human large intestine (Uehara, 2001; Saura-Calixto, 2011).
Hence, there would be a potential market to incorporate xylo-oligosaccharides into a
polyphenol-dense food vehicle in order to rise the fiber level as well as lower the
sugar and calories level.
Thermal processing are traditional method for extending product shelf-life and
ensuring food safety. However, such treatments may interact with products’ nutrient
content (including phenolic compounds), enzyme activity, color, texture, and
sensorial attributes (Osorio, 2008). Therefore, the effect of thermal treatment and
shelf-life study are needed to further study the characteristics of XOS enriched (5%
w/w) strawberry puree products.
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3.3 Material and Methods
3.3.1 Preparation of strawberry puree and treatments
Frozen Strawberry (Fragaria × ananassa) fruits were sourced from a local supplier
(Stop & Shop). Strawberries were tempered and then pulverized using a mechanical
blender (Chemineer, Dayton, Ohio, U.S.A.). Prepared strawberry purees were sealed
and stored at 4℃ before thermal treatments. All sample preparation and thermal
treatment were finished within 48 hours.
3.3.1.1 Thermal Treatments
Strawberry puree samples were processed through the UHT/HTST Direct & Indirect
Processing System (MicroThermics, NC, U.S.A.) for thermal treatment (HighTemperature Short Time (HTST); Ultra High Temperature, (UHT)). All samples were
indirectly heated in the processing system. The detailed parameters are shown in
Table 3.1. Processing conditions were based on the Guidance for Industry: Juice
HACCP Hazards and Controls Guidance First Edition; Final Guidance (FDA, 2004).
Temperature and processing time were slightly raised and extended to confidently
achieve a 5-log reduction for E.coli O157:H7, Salmonella, Listeria monocytogenes,
and Cryptosporidium parvum in acidified food, i.e., fruit puree (Mazzotta, 2001).
Table 3.1. Parameters of different thermal processes
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Samples were processed and filled using the Clean-Fill Hood & Sterile Product
Outlets (MicroThermics, NC, U.S.A.) in sterilized 9 oz glass jars. UHT samples were
hot filled and positioned bottom side up for samples temperatures to cool down.
HTST samples were cooled in the MicroThermics system before filling. Control
samples were cold filled and stored in fridge instantly.
3.3.1.2 Shelf-life Study
All processed and control samples were stored according to the shelf-life scheme
(Table 3.2). Shelf-life studies were conducted with two different storage conditions
(refrigerated at 4℃, and stressed condition at 55℃).
Table 3.2. Shelf-life study scheme (36 days)
Storage Days
Storage Temperatures (℃)
Control
HTST
UHT

1
4
+
+
+

15
55
+
+

4
+
+

36
55
+
+

4
+
+

55
+
+

Note: "+" indecates that the samples have the corresponding storage condision, "-" indecates that samples do not have the orresponding storage condition.

The complete scheme of sample treatment and its conjunction with shelf-life study
and sensory evaluation is demonstrated in Figure
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Fig 3.1. Flow chart of Strawberry preparation, heat treatment,
shelf-life study and sensory evaluation

3.3.2 Extraction of nutrients and antioxidants
Puree samples of the whole strawberry fruits (pulp and seeds) were pulled over time
from stored condition (4 ℃, 55 ℃). Ten grams of fresh puree sample was extracted
with 25 ml acetone (80% v/v acetone, 5% v/v acetic acid in deionized water) for 24 h
on a Labquake tube shaker (ThermoFisher Scientific, U.S.A.) at 4 ℃. The supernatant
and fruit pulp were separated in an Eppendorf Centrifuge 5810 R (NY, U.S.A.) at
1500 G for 10min. The supernatant was then concentrated to 10 mL constant volume
using a Heidolph Heizbad Hei-VAP rotary evaporator (Schwabach, Germany).
Concentrated samples were further diluted with 50% methanol and stored at -20 ℃
for further analysis.
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3.3.2.1 Chemicals and reagents
Catechin, Folin-Ciocalteu reagent (FCR), 2,2-Azinobis(2-methyl-propionamidine)
dihydrochloride (AAPH), Gallic acid and fluorescein sodium salt were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Trolox (6-hydroxy-2,5,7,8tetramethylchroman2-carboxylic acid) was obtained from Acros Organics (Morris
Plains, New Jersey, USA). Other chemicals and reagents used in this study were of
analytical grade and were obtained from the U.S.A.
3.3.2.2 Total phenolic contents
The total phenolic analysis was performed using the Folin-Ciocalteu colorimetric
method with slight modification in a Costar clear 96 well plate (ThermoFisher
Scientific, U.S.A.). 20 µL diluted sample (1:100 dilution), 20 µL double deionized
water and 20 µL Folin-Ciocalteu reagent (1:10 dilution) were introduced into the plate
and react for 10min at room temperature. The colorimetric reaction was then
completed by the incorporation of 140 µL 7% sodium carbonate solution (70mg/mL).
The plate was measured in a BioTek Synergy 2 microplate reader (BioTek
Instruments, Vermont, U.S.A.) at 760nm after 1.5 hours of dark incubation at room
temperature. The standard curve (Equation 3.1) was developed based on gallic acid
standard solutions (0, 6.25, 12.5, 25, 50 and 100 mg/mL). Results were expressed as
mg of gallic acid equivalent (GAE) g-1 of fresh weight (Equation 3.2).
𝑌 = 0.0039𝑥 + 0.0558 (𝑅 2 = 0.9999)
TPC =

(Y−0.0558)×0.15
0.0039

mg GAE g-1 FW
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(3.1)
(3.2)

(Note: Y in Equation 3.1 and 3.2 is the absorbance reading from the plate reader)

3.3.2.3 Flavonoids contents
Estimation of total flavonoids contents (TFC) was based on colorimetric aluminum
chloride method with lab modifications. Briefly, 20 µL diluted sample solution, 100
µL double deionized water, and 10 µL of 5% sodium nitrite were mixed in Costar
clear 96-well plates (ThermoFisher Scientific, U.S.A.) at room temperature for 6 min.
20 µL of 10% aluminum chloride was added and reacted for another 5 min before
adding 50 µL of 1M sodium hydroxide. The mixture was gently stirred to remove any
precipitate and measured the absorbance at 510 nm in a BioTek Synergy 2 microplate
reader (BioTek Instruments, Vermont, U.S.A.). The standard curve (Equation 3.3)
was prepared by catechin solutions from concentrations 0 to 100 µg/mL in methanol.
Results were expressed as mg of catechin equivalence (CE) g-1 of fresh weight
(Equation 3.4).
𝑌 = 0.0017𝑥 + 0.0427 (𝑅 2 = 0.9995)
TFC =

(Y−0.0427)×0.015
0.0017

mg CE g-1 FW

(3.3)
(3.4)

(Note: Y in Equation 3.3 and 3.4 is the absorbance reading from the plate reader)

3.3.2.4 Tannin contents
Total tannin contents were determined by modified vanillin assay. In brief, 180 µL of
working solution, a mixture of 4% vanillin in methanol and 30% sulfuric acid, were
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prepared and added to 20 µL of diluted sample solutions in Costar clear 96-well plates
(ThermoFisher Scientific, U.S.A.). The plate was incubated for 20 min at room
temperature before measured at 510 nm in the BioTek Synergy 2 microplate reader
(BioTek Instruments, Vermont, U.S.A.). The standard curve (Equation 3.5) was
developed using the same protocol as flavonoid content measurements. Total tannin
content was expressed as mg CE g-1 fresh weight.

𝑌 = 0.001𝑥 + 0.04 (𝑅 2 = 0.9990)

(3.5)

(Y−0.04)×0.15

(3.6)

Tannin content =

0.001

mg CE g-1 FW

(Note: Y in Equation 3.5 and 3.6 is the absorbance reading from the plate reader)

3.3.2.5 Determination of antioxidant activity
The Oxygen Radical Absorbance Capacity (ORAC) assay was performed to
determine the antioxidant activity of different thermal treated samples. Modifications
were made according to previous lab practices. Antioxidant components can slow
down the decline of fluorescence induced by AAPH (a peroxyl radical generator).
Therefore, total antioxidant components were measured by observing the decline of
fluorescence. A typical ORAC curve was shown in Figure 3.2.
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Figure 3.2 Typical ORAC decline pattern

Trolox standard solutions (0, 6.25, 12.5, 25, 50, and 100 µmol/mL) were prepared in
diluted phosphate buffer for the calculation of antioxidant activity. Net areas (S0, S6.25,
S12.5, S25, S50, and S100) under the decline lines of standard solutions were used to
calculate the standard equation (3.7). S is calculated in equation (3.8), where f0 is the
starting fluorescence and ft is the fluorescence at the given time t.

𝑌 = 𝑎𝑥 + 𝑏

(3.7)

S = (𝑓0 + 𝑓2 + 𝑓4 + 𝑓6 + ⋯ ⋯ + 𝑓120 ) × 2 − 𝑓0 − 𝑓120

(3.8)

Standard solutions and diluted samples (20 µL) were pipetted in triplicates in Costar
96-well plates (black clear bottom, ThermoFisher Scientific, U.S.A.) followed by the
addition of 40 µL fluorescence solution. The plate was then incubated at 37°C for
2.5 min. The measurement was initiated by the incorporation of 140µL AAPH in the
system and lasted for 2 h at 37°C. Relative Fluorescence Intensity was recorded every
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2 min at the emission of 485 nm and excitation of 528 nm a BioTek Synergy 2
microplate reader (BioTek Instruments, Vermont, U.S.A.). Antioxidant values of the
samples were obtained by calculating S sample according to equation (3.4). Final results
were calculated by taking S sample value into equation (3.3), which were expressed as
µmol of Trolox equivalent (TE) g-1 of fresh puree.
3.3.3 Imperfect lubricated squeeze flow viscometry
Conventional viscometers will encounter ‘slip’ problem when testing semi-solid food
products. ‘Slip’ is a common issue where solid particles within tend to migrate to low
shear stress regions and form a layer of liquid film devoid of particles. This
phenomenon will generate unacceptable errors. Therefore, imperfect lubricated
squeeze flow viscometry was used to evaluate the rheological properties of strawberry
puree with a TA.XT. Plus texture analyzer equipped with a 50-kg load cell (Texture
Technologies Corp., Hamilton, MA, USA). Samples were gently homogenized by
hand prior to texture analysis in order to avoid separations caused by the stressed
shelf-life study. Measurements were performed under room temperature and 75 mL of
the sample was gently transferred into the Teflon container for each measurement.
Another Teflon plate (R= 50mm) was used to compress the samples to a final height
of 0.8mm at a speed of 0.5 mm s-1 in order to induce an imperfect lubricated
squeezing flow. The samples were allowed to relax at final height for 130 seconds for
the probe to collect decaying force. Rheological measurements were conducted with
three independent replicates and two measurements for each individual replicate.
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Fig 3.3. Schematic view of imperfect squeeze flow viscometry

The probe collected resistant forces at any given height (H) and time (t) throughout
the whole squeeze flow analysis.
σ@ 0.8,1.5 𝑜𝑟 2 𝑚𝑚 =

𝐹@ 0.8,1.5 𝑜𝑟 2𝑚𝑚
𝜋𝑅 2

(3.9)

Apparent compressive stress (σApp@heightH) at a given height H is used to evaluate the
consistency of different strawberry samples within the squeezing flow regime
(equation 3.9). The solidity of the sample can be estimated by calculating the residual
apparent stress (σApp@timet) at a given time t after it has been fully compressed
(equation 3.10).
σ@ 60 𝑜𝑟 120 𝑠 =

𝐹@ 60 𝑜𝑟 120 𝑠
𝜋𝑅 2

(3.10)

3.3.4 Color Analysis
A HunterLab ColorFlex EZ (HunterLab, Reston, VA, USA) was used to investigate
the color evolution of different thermal treated samples as well as samples within the
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shelf-life study. The instrument was calibrated against a white and black tile prior to
measurements, and all measurements were conducted at ambient temperature.
A low reflectance glass sample cup was used to carry samples directly above the
colorimeter sensor. Samples (30mL) were measured in a dark background using CIELab color space, in which L* (lightness), a* (redness) and b* (yellowness) values
were collected for each sample, respectively. Furthermore, the total color differences
(ΔE) of shelf-life samples were compared against the control sample using equation
3.11 (Sulaiman, 2017).

ΔE = √(𝐿∗ − 𝐿∗0 )2 + (𝑎∗ − 𝑎0∗ )2 + (𝑏 ∗ − 𝑏0∗ )2

(3.11)

3.3.5 Other physicochemical characteristics
3.3.5.1 Water activity
The water activity of strawberry puree was analyzed by an AquaLab 4TE Dew Point
water activity meter (METER Group Inc, Pullman, U.S.A.) at room temperature,
which was calibrated by standard solutions prior to measurements (measurement error
± 0.0003). Puree samples (6 mL) were pulled from the shelf-life study and stored in
an airtight container to avoid moisture evaporation prior to the measurement until the
sample temperature had reached an equilibrium with room temperature.
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3.3.5.2 pH analysis
A Metrohm 827 pH lab meter (Metrohm, Herisau, Switzerland), equipped with
Unitrode with Pt1000 probe, was calibrated with standard buffer solutions (pH=4,
pH=7, Fisher Scientific, U.S.) prior to pH analysis. Strawberry puree sample was
pulled from its original storage condition and tested until its temperature had reached
an equilibrium to room temperature.
3.3.5.3 Total soluble solids (TSS)
Total soluble solids (g/100g) analysis was conducted by a Milwaukee refractometer
(MA871, Rocky Mount NC, USA), calibrated by distilled water prior to
measurements. Results were expressed as degree Brix.

3.3.6 Sensory Evaluation
Sensory test with untrained panelists was conducted to examine acceptance of XOS in
different processed strawberry puree using a 9-point Hedonic liking test. Approval
from the University of Massachusetts Institutional Review Board (IRB) for the
Protection of Human Subjects was obtained prior to fielding these experiments
(Protocol ID 2017-3676). Different thermal processed (no heat, HTST and UHT)
samples with (and without) 5% w/w XOS incorporation was used in this sensory
evaluation. The 9-point (1=extremely dislike, 5=neutral, and 9=extremely like)
hedonic test recruited 105 untrained UMass student or faculty patrons to evaluate:
overall acceptance, appearance, color, aroma, flavor, sweetness, and texture of
different puree samples. The test was set up as a block design, using Sensory
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Information Management System 2000 (SIMS 2000) software Version 6.0 (Sensory
Computer Systems LLC, Berkeley Heights, NJ, U.S.A.), with each of the panelist
randomly evaluating the 3 of the 6 samples to reduce sensory fatigue. Subjects
evaluated different samples at isolation stations with consistent test environments in
order to reduce bias from the presence of other participants. All none-heat treated
samples were made 30 mins prior to the study and later stored in ice baths. All heattreated samples were prepared 12 hours before the evaluation and stored in 9-oz
sterilized jars at 4 ℃. Samples were then transferred from the fridge to ice baths
30mins prior to the study and had temperatures controlled to the range of 1.9-2.2 ℃.
Each subject evaluated 1 oz control sample (none heat, without XOS incorporation)
and 2 other samples in 3-oz plastic serving cups with a cup of water and saltine
crackers (unsalted).
3.3.7 Statistical Analysis
Two measurements were conducted from 3 replicates of each sample with different
thermal treatments. Values were demonstrated as mean ± Standard Deviation (SD).
All statistical analysis was performed on Statistical Analysis System software 9.4
(SAS Institute, Cary, NC, USA).
The hedonic sensory study was conducted with one replicate. Data from the sensory
evaluation also evaluated using an ANOVA to identify a difference in liking scores
amongst the variant processing conditions and the fresh puree control.
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3.4 Result and Discussion
3.4.1 Total phenolic content in strawberry samples
The total phenolic content fluctuation in the 36-day shelf-life study is reported in
Table 3.3. The total phenolic content of different thermal treated strawberry samples
ranged from 1.12 ± 0.04 to 2.73 ± 0.18 mg GAE g-1 FW. The TPC value of
unprocessed strawberry puree (2.36 ± 0.0048 mg GAE g-1 fresh weight) was similar
with studies by other authors, where the TPC value of strawberry are in the range of
2.30–3.41 mg GAE g−1 FW (Aaby, 2005; Lin J.-Y. T.-Y., 2007).
3.4.1.1 Effect of thermal treatment on TPC
Levels of TPC value in UHT treated samples were significantly lower than HTST
treated samples across all storage conditions regardless XOS addition. The Duncan
test revealed that the TPC level of HTST treated samples (2.37 ± 0.05 mg GAE g-1
FW) exhibited more similarities toward control sample (2.36 ± 0.05 mg GAE g-1
FW)(Table 3.3). Similar result was reported from different authors, for example,
Terefe et al. (2013) reported that TPC level was decreased by 14-24% in thermally
treated strawberry puree samples as compared to fresh puree; Yao et al. (2011) also
found a significant loss of 47.6% in TPC level by boiling Shengjie celery for 10 min.

The addition of XOS at 5% w/w resulted in higher TPC level in HTST (without: 2.37
± 0.05 mg GAE g-1 FW, with: 2.73 ± 0.18 mg GAE g-1 FW) as well as UHT (without:
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2.08 ± 0.20 mg GAE g-1 FW, with: 2.14 ± 0.09 mg GAE g-1 FW) treated specimens
(Table 3.3). This increase in TPC value may be related to the chemical structure of
XOS, where several hydroxyl groups are presented in XOS. Such structure may
interact with Folin-Ciocalteu reagent (FRC). Everette et al. also reported that few
compounds other than phenolic compounds could react with FCR (Everette, 2010)
3.4.1.2 Effect of storage on TPC
Storage length and storage temperature jointly affect the TPC level of all samples.
The TPC value in most samples decreased as storage time increased. Lowtemperature storage (4℃, 2.26 ± 0.19 mg GAE g-1 FW, data not shown) helped retain
the level of phenolic compounds in strawberry puree as compared to high-temperature
storage (55℃, 1.57 ± 0.0.37 mg GAE g-1 FW, data not shown). The result of 2-way
ANOVA test suggested that high storage temperature (F=567.45, p<0.0001)
demonstrated a stronger decreasing effect on TPC value than long storage days
(F=71.76, p<0.0001) in this study (data not shown). This result also reflected that
phenolic compounds are heat sensitive in strawberry puree system.

Sample with XOS incorporation also showed higher TPC value in low temperature
(HTST without: 2.23 ± 0.09 mg GAE g-1 FW, with: 2.38 ± 0.01 mg GAE g-1 FW;
UHT without: 2.11 ± 0.19 mg GAE g-1 FW, with: 2.20 ± 0.02 mg GAE g-1 FW) as
well as high temperature storage condition (HTST without: 1.15 ± 0.04 mg GAE g-1
FW, with: 2.08 ± 0.12 mg GAE g-1 FW; UHT without: 1.09 ± 0.08 mg GAE g-1 FW,

48

with: 1.12 ± 0.04 mg GAE g-1 FW) after 36 days of storage (Table 3.3). This could be
due to the thermal stability of XOS in strawberry puree. However, a decrease of TPC
level was also detected under high storage temperature, which indicates the potential
thermal destruction of XOS under high temperature over 36 days of storage period.
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2.14 ± 0.18A
1.65 ± 0.09B
2.08 ± 0.12BC
1.92 ± 0.12A
1.28 ± 0.03DE
1.09 ± 0.08E
1.94 ± 0.04A
1.45 ± 0.06BCD
1.12 ± 0.04E

2.73 ± 0.18A
2.41 ± 0.14B
2.38 ± 0.01BC

2.08 ± 0.20FGH
2.14 ± 0.13EFGH
2.11 ± 0.19FGH

2.14 ± 0.09EFGH
2.17 ± 0.04EFG
2.20 ± 0.02DEFG

1
15
36

1
15
36

1
15
36

HTST

HTST
(XOS)

UHT

UHT
(XOS)

0.41 ± 0.04A
0.32 ± 0.03B
0.27 ± 0.04C
0.43 ± 0.01A
0.26 ± 0.03C
0.21 ± 0.01D
0.41 ± 0.01A
0.26 ± 0.004C
0.19 ± 0.003D

0.55 ± 0.06BCDE
0.48 ± 0.01DEFG
0.60 ± 0.05BC
0.49 ± 0.04CDEFG
0.51 ± 0.04CDEFG
0.54 ± 0.02BCDE
0.44 ± 0.002EFG
0.41 ± 0.02G
0.43 ± 0.01FG

-

0.43 ± 0.03A
0.26 ± 0.03C
0.21 ± 0.01D

A

0.47 ± 0.01DEFG
0.49 ± 0.04CDEFG
0.52 ± 0.01CDEF

0.73 ± 0.13

BCD

1.89 ± 0.072A
0.41 ± 0.054D
not detectedF

1.78 ± 0.127B
0.40 ± 0.064D
not detectedF

-

55 ℃
storage

2.01 ± 0.120FG
1.91 ± 0.024GH
1.80 ± 0.087H

1.62 ± 0.064C
0.25 ± 0.024E
not detectedF

2.20 ± 0.173BCDEF 1.80 ± 0.042AB
2.26 ± 0.110BCDE 0.51 ± 0.072D
2.12 ± 0.120EFG 0.23 ± 0.024E

2.65 ± 0.033A
2.59 ± 0.271A
2.38 ± 0.098BC

2.40 ± 0.024B
2.33 ± 0.083BCD
2.15 ± 0.127DEF

2.34 ± 0.043

4℃
storage

Total tannin contents
(mg CE g-1 fresh puree)

Note: For each column, values followed by different letters indecates different groups according to the ANOVA and Duncan test (p<0.05)

2.05 ± 0.06A
1.40 ± 0.07CD
1.15 ± 0.04E

2.37 ± 0.05BCD
2.29 ± 0.04BCDE
2.23 ± 0.09CDEF

-

1
15
36

BCD

2.36 ± 0.048

55 ℃
storage

4℃
storage

4℃
storage

55 ℃
storage

Total flavonoids contents
(mg CE g-1 fresh puree)

Total phenolic contents
-1
(mg GAE g fresh puree)

1

Storage
(day)

Control

Processing
conditions

during 36 days of storage

F

39.74 ± 1.18A
27.84 ± 0.87DE
20.17 ± 0.82FG

33.52 ± 5.17BC
26.95 ± 5.11DE
21.08 ± 4.28FG

34.09 ± 1.54B
23.54 ± 1.49EF
18.35 ± 1.49G

-

55 ℃
storage

36.99 ± 0.96CDE 39.13 ± 0.78A
40.78 ± 0.79ABC 29.26 ± 0.10CD
38.37 ± 2.45ABCD 19.3 ± 0.72FG

37.66 ± 0.85BCD
42.33 ± 1.26A
41.41 ± 0.85AB

27.06 ± 4.61FG
35.72 ± 5.34DE
33.17 ± 2.61E

32.90 ± 1.06E
35.90 ± 1.88DE
33.28 ± 1.81E

24.31 ± 0.59

4℃
storage

Antioxidant activity
(μmol TE g-1 fresh puree)

Table 3.3. Evolution of Total Phenolic, flavonoid, tannin contents and antioxidant activity in strawberry samples

3.4.2 Flavonoids and tannin content in strawberry samples
Fluctuation of total flavonoid and tannin contents were shown in Table 3.3. The level
of flavonoid contents ranged from 0.19 ± 0.03 to 0.73 ± 0.13 mg CE g-1 FW, and
tannin contents ranged from not detectable to 2.65 ± 0.033 mg CE g-1 FW.
3.4.2.1 Effects of thermal treatment on Flavonoids and Tannin contents
Total flavonoids content of HTST treated (0.47 ± 0.01 mg CE g-1 FW) and UHT
treated (0.49 ± 0.04 mg CE g-1 FW) strawberry puree were significantly lower than
flavonoids content in the fresh puree (0.73 ± 0.13 mg CE g-1 FW)(Table 3.3). Tannin
contents fell in the same trend as flavonoids contents. However, a slight increase in
tannin content of HTST treated (2.40 ± 0.02 mg CE g-1 FW) samples was detected as
compared to control (2.34 ± 0.04 mg CE g-1 FW). This phenomenon might be due to
the effect of increase extractability exceed the destruction effect under mild thermal
treatment (75℃ for 15s ). The incorporation of XOS decreased flavonoids content as
well as tannin content in UHT treated samples (flavonoids, without: : 0.49 ± 0.04 mg
CE g-1 FW, with: 0.44 ± 0.002 mg CE g-1 FW; tannin, without: : 2.20 ± 0.173 mg CE
g-1 FW, with: 2.01 ± 0.12 mg CE g-1 FW) However, an increase of flavonoid and
tannin content was detected in HTST samples with XOS incorporation (flavonoids,
without: : 0.47 ± 0.01 mg CE g-1 FW, with: 0.55 ± 0.06 mg CE g-1 FW; tannin,
without: : 2.40 ± 0.024 mg CE g-1 FW, with: 2.65 ± 0.033 mg CE g-1 FW)(Table 3.3).
The increase of flavonoid and tannin content with the help of XOS may be due to
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XOS’ reaction with coloring agent. However, the result from UHT treatments
indicated the potential destruction XOS and nutrients.
3.4.2.2 Effects of storage on Flavonoids and Tannin contents
Flavonoids contents did not significantly drop in samples stored at 4 ℃ regardless of
thermal treatments or XOS addition over time. However, such balance was not
present under 55℃ storage condition. As predicted, TFC level in 55℃ storage
samples dropped significantly as storage time increased. Tannin content decreased
over the shelf-life period regardless of storage temperature. Moreover, tannin contents
were undetectable in most samples stored at 55℃ for 36 days, which suggests that the
tannin content in strawberry puree samples are very heat sensitive compared to TPC
or TFC. The incorporation of XOS did not help preservation of flavonoid or tannin
content in strawberry puree samples under high storage temperature.
3.4.3 Antioxidant activity in strawberry samples
ORAC value is shown in Table 3.3. The level ranged from 42.33 ± 1.26 to 18.35 ±
1.49 mol TE g-1 FW. The presence of XOS did not show a significant effect on
ORAC level according ANOVA analysis(with XOS: 31.69 ± 7.55 mol TE g-1 FW;
without XOS: 32.27 ± 7.95 mol TE g-1 FW)(data not shown).
3.4.3.1 Effects of thermal treatment on ORAC
Based on the current m odified extraction and analysis method, collected data showed
that thermal treatment increased the measurable antioxidant activity in strawberry
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puree specimen. Higher antioxidant activity was detected both in UHT samples (37.66
± 0.85 mol TE g-1 FW) and HTST samples (32.90 ± 1.06 mol TE g-1 FW) as
compared to control(24.31 ± 0.59 mol TE g-1 FW). The data also indicated that
samples stored at 55℃ showed higher antioxidant activity than 4℃ samples at day 1,
which indicates that short-time heat treatment may help increase the measurable
antioxidant activity. This increase in antioxidant activity may be a consequence of
increased extractability of such compounds under a higher temperature, for example,
Cao et al., (2011) reported that thermal treatment (70℃ for 2min) will increase the
detection of catechin by 42% (p<0.05). Keenan et al., (2010) observed an increased
DPPH level in fruit smoothie by 15% (p<0.05) after thermal treatment (P70 ≥ 10
min).

It has been suggested that thermal processing such as cooking or pasteurizing might
help break down large polymers such as cell walls. The release of antioxidant
substances within the plant cell may increase the extractability and detectability of
such compounds. (Gärtner, 1997; Patras, 2009)

The presence of XOS in both HTST and UHT treated samples did not show statistical
significance in changing ORAC level.
3.4.3.2 Effects of storage on ORAC
As predicted, antioxidant activity was significantly affected by storage conditions. A
significant decrease of ORAC level was detected in samples stored at 55℃. However,
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a slight increase or equilibrium was observed in samples stored at 4 ℃. A similar
result was reported by van der Sluis et al., (2001) where the antioxidant activity of
four apple cultivars was not affected by long-term storage at 4℃. The behavior of
measurable antioxidant activity of 55℃ storage samples was contradictory to
previous findings, which indicates that long-time heat treatment or high storage
temperature will decrease the measurable antioxidant activity. The addition of XOS
did not show protective effect on antioxidant activity.
3.4.4 Imperfect lubricated squeeze flow viscometry analysis of strawberry
samples
Figure 3.4 demonstrates a typical force versus time (A) and force versus specimen’s
height (B) schemes (picked from strawberry puree data). Rheological parameters will
be converted to apparent stress at giving height (0.8, 1.5 and 2mm) and time (60 and
120s after peak force) according to Eq 3.9 and 3.10, respectively. The comparison of
such rheological attributes within the shelf-life study are shown in Table 3.4.
The apparent stress at 1.5, 2mm and 0.8mm are all with the squeezing regime. The
apparent stress at 1.5mm are used to represent the consistency of strawberry puree
samples, since its low analytical error and better representation of the evolution of
rheological change. In addition, apparent stress at 60s and 120s were used to reflect
solidity of strawberry specimens.
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A: Force vs Time

B: Force vs Height
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Figure 3.4. Typical squeeze flow curve (strawberry puree, HTST processed)
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5

56

B

36
180.01 ± 4.06

198.76 ± 5.50
H

E

188.02 ± 7.76FG

1

15

177.16 ± 2.65H

G

EF

182.04 ± 10.86

193.38 ± 4.86

198.30 ± 1.14

E

BC

36

15

1

36

224.71 ± 2.21

223.60 ± 3.66BC

1

15

206.27 ± 2.96D

36

230.63 ± 2.61

211.40 ± 6.75C

1

249.85 ± 9.53A

B

G

110.97 ± 5.03

145.26 ± 2.77
F

C

170.17 ± 4.65B

118.37 ± 9.52E

CD

CD

143.12 ± 11.66

163.54 ± 9.67

101.01 ± 2.05

139.28 ± 6.13

193.58 ± 6.86A

104.67 ± 4.03FG

136.16 ± 0.50

D

195.71 ± 5.70A

-

G

E

C

H

F

D

256.75 ± 5.60

276.16 ± 6.68
H

F

D

C

167.69 ± 10.54E

185.95 ± 14.90

227.39 ± 10.06

147.80 ± 3.78

186.05 ± 7.48

274.42 ± 8.19A

151.83 ± 5.21F

182.85 ± 0.97

D

273.88 ± 3.79A

-

160.51 ± 5.42

191.50 ± 4.70

E

D

265.12 ± 10.56G 240.81 ± 5.64B

249.89 ± 2.93H

249.31 ± 15.44

265.15 ± 6.07

286.16 ± 2.07

315.69 ± 2.91

311.96 ± 6.97C

294.03 ± 2.69D

324.31 ± 3.14

B

310.57 ± 8.29C

340.36 ± 11.53A

55 ℃
storage

4℃
storage

4℃
storage

55 ℃
storage

Apparent stress @ 1.5 mm
(Pa)

Apparent stress @ 2 mm
(Pa)

15

1

Storage
(day)
55 ℃
storage
-

397.12 ± 30.53

CD

EFG

G

DE

AB

383.76 ± 69.64

432.18 ± 39.32

263.29 ± 5.53

G

383.92 ± 62.15

CDE

C

DE

540.79 ± 31.48A

528.13 ± 59.66

572.71 ± 25.99

EFG

DEF

293.23 ± 7.30

FG

408.04 ± 51.72

CD

515.10 ± 21.94FG 482.38 ± 43.69B

492.06 ± 44.55G 340.97 ± 59.60EF

529.59 ± 73.55

502.76 ± 32.09

590.31 ± 32.98

681.80 ± 61.24

601.84 ± 7.05CD

592.36 ± 23.46D 286.68 ± 24.25G

719.28 ± 68.07

A

596.19 ± 15.30CD 525.89 ± 13.18AB

654.78 ± 49.88BC

4℃
storage

Apparent stress @ 0.8 mm
(Pa)

Note: Values followed by different letters in each column indecates different groups according to the ANOVA and Duncan test (p<0.05)

UHT
(XOS)

UHT

HTST
(XOS)

HTST

Control

Processing
conditions

BC

56.44 ± 3.45

C

61.52 ± 1.41

BC

63.75 ± 6.94BC

58.78 ± 2.62BC

64.54 ± 7.41

BC

63.34 ± 15.21

56.38 ± 2.04

C

C

55.81 ± 4.03

63.58 ± 1.17BC

65.33 ± 8.01BC

72.91 ± 19.38

B

60.53 ± 0.56BC

87.06 ± 8.89A

4℃
storage

-

57.63 ± 1.35

CD

67.04 ± 1.15

B

66.56 ± 9.41B

56.65 ± 3.98CD

64.52 ± 3.46

BC

CD

58.51 ± 3.39

56.65 ± 2.88

D

CD

58.00 ± 3.04

62.84 ± 5.11BCD

56.90 ± 2.24CD

74.74 ± 14.79

A

60.77 ± 1.91BCD

55 ℃
storage

Apparent stress @ 60 s
(Pa)

59.41 ± 6.44

BC

58.91 ± 2.45

BC

61.54 ± 6.82BC

56.27 ± 4.43BC

65.30 ± 8.49

B

BC

55.17 ± 4.12

55.86 ± 2.69

BC
BC

60.67 ± 12.99

60.63 ± 1.53BC

64.64 ± 9.56BC

55.61 ± 2.09

BC

52.89 ± 2.40C

85.64 ± 7.10A

4℃
storage

-

AB

56.27 ± 1.58

63.51 ± 0.94AB

66.36 ± 7.13AB

56.68 ± 5.76AB

64.52 ± 5.18AB

B

54.14 ± 2.95

58.00 ± 1.51

AB
AB

76.08 ± 16.16

61.10 ± 4.14AB

58.00 ± 1.51AB

76.08 ± 16.16A

57.58 ± 3.08AB

55 ℃
storage

Apparent stress @ 120 s
(Pa)

Table 3.4. Squeezing flow viscometry analysis of strawberry samples during 36 days of storage

3.4.4.1 Effect of thermal treatment on rheological characteristic
Both HTST (310.57 ± 9.29 Pa) and UHT (265.15 ± 6.07 Pa) treated samples showed a
significant decrease in apparent stress at 1.5mm as compared to control (340.36 ±
11.53 Pa)(Table 3.4). In addition, HTST treated samples yielded greater value in
apparent stress compared to UHT treated samples. The apparent stress at 60s and 120s
in HTST samples showed statistical similar as compared to the correspondent stress
of UHT treated samples. This result suggested that different heat treatments were not
affecting the solidity of the specimens. However, the apparent stress value of HTST
treatment (60s, 60.53 ± 0.56 Pa; 120s, 52.89 ± 2.40) and UHT treatment (60s, 63.34 ±
15.21 Pa; 120s, 55.17 ± 4.12) were both significantly lower as compared to the value
of fresh puree at 60s and 120s (60s, 87.06 ± 8.89 Pa; 120s, 85.64 ± 7.10)(Table 3.4).

The addition of XOS at 5% w/w did not show statistically effect on changing
specimen texture under HTST (apparent stress at 1.5mm; without: 310.57 ± 8.29 Pa,
with: 311.96 ± 6.97 Pa) or UHT treatments (apparent stress at 1.5mm; without:
265.15 ± 6.07 Pa, with: 265.12 ± 10.56 Pa).
3.4.4.2 Effect of storage on rheological characteristic
Decrease in apparent stress at 1.5mm was detected in both storage temperatures over
the shelf-life period. In addition, 55℃ storage showed faster decreasing rate as
expected. The presence of XOS did not show statistical differences on textural
evolution of strawberry puree under high storage temperature (55 ℃). However, the
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addition of XOS decreased the apparent stress at 1.5mm of strawberry puree specimen
with HTST treatment and increased the apparent stress at 1.5mm in UHT treated
samples when stored at low temperature (4 ℃).
3.4.5 Color analysis of strawberry samples
The color parameter evolution of strawberry puree subjected to different thermal
treatments and storage conditions are shown in Table 3.5. Overall, UHT treatments
contributed a significant decrease in L*, a* and b* values of specimens, indicating
UHT treatments will produce darker, less red and less yellow specimens compared to
HTST treatments. Also, high storage temperature and long storage time have a
significant impact on sample darkening and discoloring. According ANOVA analysis,
the increase of storage temperature has the most influence on lowering L* and a*
value among all the other factors whereas different thermal treatments are most
impactful to b* value, i.e., UHT treated specimens exhibit less b* value(data not
shown). At last, the color profile of HTST treated specimens in 4°C

storage

condition are more close to the control according to TCD results(Table 3.5). This
result was also confirmed in sensory evaluation study (Figure 3.5), where HTST
samples and control samples received similar ratings in color preference.
Strawberries are rich in phenolic pigments which are sensitive to thermal treatments
and oxidation, such as anthocyanins. The discoloring of the specimens may oriented
from various factors, i.e., oxidation of phenolic compounds by native enzymes,
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degradation of anthocyanins by enzymes or heat, Maillard reaction during or after
thermal processing and pH (Garcia-Palazon, 2004; Wesche‐Ebeling, 1990; Cao,
2011). However, in this study the discoloring could be caused by the thermal
degradation of anthocyanins and Maillard reaction during thermal processing and
storage since enzymatic activities were inhibited by thermal treatments, and pH
showed no significantly change regardless of different treatments and storage
conditions (Table 3.6). From the results of total phenolic content and total flavonoids
content (Table 3.3), the data indicates that UHT treatment, long storage time and high
storage temperature will decrease TPC and TFC values, which indicates the thermal
destruction of phenolic compounds and flavonoids. Being a member of flavonoid
family, anthocyanins is suggested to be affected by thermal treatments and high
temperature storage conditions.
Table 3.5. Color evolution of strawberry samples during 36 days of storage
Processing
conditions

Storage
(day)

L*

a*

4℃
storage

55 ℃
storage
FG

b*

4℃
storage
AB

4℃
storage

55 ℃
storage
C

29.41 ± 0.26

HTST

1
15
36

34.31 ± 0.24A
32.03 ± 0.20C
32.39 ± 0.37C

33.27 ± 0.20A
24.38 ± 0.41E
22.32 ± 0.13H

38.36 ± 0.54A
37.53 ± 0.35AB
34.71 ± 0.34DE

30.59 ± 1.24A
16.20 ± 0.82C
14.32 ± 0.072DEF

23.59 ± 0.48A
22.97 ± 0.31BC
20.45 ± 0.35E

20.51 ± 0.08A
19.46 ± 0.51B
18.55 ± 0.036C

5.13 ± 0.18
2.77 ± 0.20
4.93 ± 0.18

8.61 ± 1.54
22.54 ± 0.78
24.99 ± 0.09

1
15
36

33.20 ± 0.48B
30.88 ± 0.22D
31.14 ± 0.17D

32.81 ± 0.37A
23.04 ± 0.52G
21.11 ± 0.48I

37.45 ± 1.83B
37.88 ± 0.20AB
35.64 ± 0.15C

31.11 ± 1.58A
15.62 ± 0.31CDE
13.93 ± 0.017F

23.41 ± 0.83AB
23.41 ± 0.14AB
21.49 ± 0.049D

21.11 ± 0.16A
18.42 ± 0.17C
18.56 ± 0.19C

4.35 ± 0.72
1.78 ± 0.78
3.11 ± 0.11

7.85 ± 1.25
23.58 ± 0.19
25.72 ± 0.12

UHT

UHT
(XOS)

D

1

30.68 ± 1.00

15

29.69 ± 0.25F

36

E

30.23 ± 0.37

GH

30.18 ± 0.62

B

25.49 ± 0.47D
23.46 ± 0.57

FG

C

33.06 ± 1.22

G

33.52 ± 0.34FG
31.45 ± 0.29

H

CD

29.09 ± 0.27

22.53 ± 0.18

B

15.77 ± 0.47CD
14.21 ± 0.35

DEF

A

GH

-

0

55 ℃
storage

1

37.96 ± 0.24

-

4℃
storage

Control

HTST
(XOS)

-

55 ℃
storage

TDC

-

18.59 ± 0.86

18.22 ± 0.79

C

6.53 ± 1.31

9.93 ± 0.16

19.00 ± 0.17FG

14.92 ± 1.11F

5.67 ± 0.32

23.80 ± 0.34

E

8.22 ± 0.38

25.29 ± 0.55

BC

3.98 ± 0.99

7.86 ± 0.40

I

17.59 ± 0.33

E

16.18 ± 0.40

1

29.09 ± 0.37

20.08 ± 0.61

19.03 ± 0.23

15

27.85 ± 0.05I

24.06 ± 0.06EF

33.94 ± 0.23EF

17.08 ± 1.63C

19.28 ± 0.17F

17.29 ± 0.13D

5.39 ± 0.25

22.18 ± 1.50

36

28.68 ± 0.16H

21.99 ± 0.12H

32.05 ± 0.36H

14.12 ± 0.031EF

18.35 ± 0.33H

17.12 ± 0.19D

7.28 ± 0.48

25.54 ± 0.09

28.66 ± 0.25

34.86 ± 0.79

30.97 ± 0.48

Note: For each L* a* b* column, values followed by different letters indecates different groups according to the ANOVA and Duncan test (p<0.05) All TCD values are calculated based on Eq. 3.7.

Grigelmo-Miguel et al. 1999, also mentioned in their strawberry jam study that heat
may turn red components (anthocyanins) in to brown (Grigelmo-Miguel, 1999). A
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similar conclusion was also reported in a strawberry puree shelf-life study with
different processing conditions, indicating the total color difference (TCD) was due to
anthocyanin degradation (Sulaiman, 2017).
The addition of XOS in the system resulted lower L* value regardless of thermal
treatments as well as storage conditions. However, the presence of XOS showed less
statistical significance in changing a* and b* value under different thermal treatments
or storage conditions as compared to its effect on L* value of the specimen.
3.4.6 Water activity, pH and total soluble solids (TSS) in strawberry samples
The results of physicochemical properties, i.e., water activity, pH and total soluble
solids, are shown in Table 3.6. The pH value was kept within the ranges 3.43–3.54
regardless of heat treatment or storage conditions. TSS and water activity value were
mostly affected by the incorporation of XOS according to two-way ANOVA analysis
in all thermal treatments (HTST and UHT). The main effect of XOS incorporation on
water activity and TSS yields an F ratio of FAW (1,75) = 78.33, p< 0.0001 and FTSS
(1,82) = 605.82, p<0.0001 respectively, indicating an significant difference between
XOS incorporated samples (MAW = 0.9931, SDAW = 0.0014; MTSS =12.37, SDTSS =
0.21) and none-XOS incorporate samples (MAW=0.9952, SDAW=0.0021; MTSS = 7.59,
SDTSS = 0.17). Both HTST and UHT treatments decreased the TSS value (HTST:
7.48 ± 0.08; UHT: 7.48 ± 0.19) and increased water activity level (HTST: 0.9972 ±
0.0013; UHT: 0.9973 ± 0.0005) as compared to fresh puree (TSS: 7.55 ± 0.08; Water

60

activity: 0.9969 ± 0.001)(Table 3.6). Such phenomenon was also reported by Cheng
et al. where the TSS value decreased after heat pasteurization (90 ℃, 60s) (Cheng X.F. , 2014). The increase of storage time has a positive correlation with TSS increase
but an inverse correlation with water activity increase at 4 ℃ storage condition.
However, such change was not observed in samples stored at 55 ℃. At last, higher
storage temperature will cause the higher TSS value and lower water activity value
respectively in strawberry puree samples. This could be due to the natural hydrolysis
of cellulose or large polymers in strawberry puree, which could potentially increase
the soluble solids in the system.
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3.50 ± 0.04AB
3.53 ± 0.01AB
3.51 ± 0.01AB
3.52 ± 0.04AB
3.52 ± 0.01AB
3.52 ± 0.01AB

3.50 ± 0.01A
3.43 ± 0.03B
3.52 ± 0.01A
3.51 ± 0.01A
3.44 ± 0.02B
3.52 ± 0.02A

1
15
36

1
15
36

UHT

UHT
(XOS)

H

B

B

A

B

B

A

B

A

0.9950 ± 0.0013

12.60 ± 0.10

0.9940 ± 0.0006DE 0.9923 ± 0.0023B
0.9921 ± 0.0008G 0.9929 ± 0.0018B

12.30 ± 0.17A

12.40 ± 0.11B
12.45 ± 0.18A

A

0.9942 ± 0.0005EF

0.9939 ± 0.0013B

A

AB

0.9962 ± 0.0008BC 0.9971 ± 0.0021
0.9943 ± 0.0007EF 0.9936 ± 0.0022B

0.9973 ± 0.0005

B
0.9938 ± 0.0012F 0.9933 ± 0.0007
B
F
0.9938 ± 0.0012 0.9917 ± 0.0017
B
0.9918 ± 0.0007G 0.9923 ± 0.0014

0.9972 ± 0.0013A 0.9923 ± 0.0018
CD
B
0.9956 ± 0.0004 0.9920 ± 0.0008
B
0.9942 ± 0.0005EF 0.9934 ± 0.0013

0.9969 ± 0.0010AB

12.53 ± 0.25A

7.80 ± 0.17B

7.60 ± 0.20

7.77 ± 0.06

12.40 ± 0.00

12.37 ± 0.15
A
12.57 ± 0.21

7.47 ± 0.32

7.67 ± 0.25

7.50 ± 0.30B

-

55 ℃
storage

12.38 ± 0.12B

7.60 ± 0.00F
7.67 ± 0.05E

7.48 ± 0.19

12.03 ± 0.30D
12.17 ± 0.20C
12.40 ± 0.09B

7.48 ± 0.08H
7.55 ± 0.05G
7.60 ± 0.14F

7.55 ± 0.08G

4℃
storage

Water activity

Note: For each column, values followed by different letters indecates different groups according to the ANOVA and Duncan test (p<0.05)

3.51 ± 0.02AB
3.53 ± 0.01AB
3.50 ± 0.04B

3.51 ± 0.03A
3.44 ± 0.03B
3.52 ± 0.02A

HTST

3.54 ± 0.03A
3.54 ± 0.01A
3.54 ± 0.02AB

1
15
36

3.50 ± 0.01A
3.43 ± 0.03B
3.53 ± 0.02A

1
15
36

-

HTST
(XOS)

3.44 ± 0.02B

55 ℃
storage

4℃
storage

4℃
storage

55 ℃
storage

Total soluble solids (TSS)

pH

1

Storage
(day)

Control

Processing
consitions

Table 3.6. Physicochemical characteristic evolution of strawberry samples during 36 days of storage

3.4.7 Sensory Evaluation
Sensory study was fielded at the University of Massachusetts Amherst using
untrained panelists from campus (Male-42, Female-62, aging from 18-30). The study
revealed that 76% of failed to meet the DRI level of fruit and vegetables (USDA,
2015)(data not shown). Surprisingly, among the participants who failed to reach the
DRI level, nearly 70% of the participants claimed to be fruit drink consumers (data
not shown). This result suggested that by increasing the dietary fiber content of
current fruit drink products, it might be possible to help consumers reach the current
DRI level with minimum dietary adjustments. The results of 9-point hedonic sensory
evaluation are shown in Figure 3.5 and statistical results of Duncan test are shown in
Table 3.7. UHT treated sample (without XOS incorporation) received the lowest
rating in every sensory attribute, whereas fresh puree with XOS incorporation yielded
the highest scores in most attributes except for appearance and aroma. Briefly, panel’s
preference for puree samples decreased from fresh puree to HTST treated puree to
UHT treated puree samples. Panel preferred samples with XOS incorporation
consistently among both thermal treatments (Table 3.7). Based on the results of twoway ANOVA different thermal treatments exert significant effects on decreasing
samples’ color (p<0.0001), flavor (p<0.0001), aroma (p<0.0001), appearance
(p<0.0001) and overall (p<0.0001) scores. Sweetness and texture were not
significantly affected by thermal treatments according to the results of sensory
evaluation.
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Fig 3.5. The effects of thermal treatment and XOS incorporation (5% w/w) on hedonic ratings of
strawberry samples (1=extremely dislike, 5=neutral, and 9=extremely like).

The results of two-way ANOVA suggested that the incorporation of XOS exert
significant effects on increasing samples’ sweetness (p<0.0002), flavor (p<0.0011),
aroma (p<0.0097), texture (p<0.03) and overall (p<0.0075) scores. The result of the
sweetness data confirmed the sweet profile of XOS as discussed in chapter one. On
the other hand, the presence of XOS did not statistically affect the appearance
(p<0.5276), and color (p<0.8416) ratings. Thermal treatments alone significantly
decreased every attributes except for texture (p<0.2767). The interaction of the two
variants (XOS incorporation and thermal treatments) only significantly affected the
flavor (p<0.0023) and overall liking (p<0.0098)(data not shown).
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Table 3.7. Duncan results of 9-Point Hedonic test scores.
Processing
conditions

Overall

NO Heat

5.86 ± 1.93

AB

6.42 ± 1.52

A

5.28 ± 2.09

B

HTST (XOS)

5.71 ± 2.12

AB

UHT

4.05 ± 1.84C

NO Heat (XOS)
HTST

UHT (XOS)

5.60 ± 2.13

Appearance

AB

7.30 ± 1.47

A

7.38 ± 1.41

A

7.20 ± 1.55

A

7.47 ± 1.64

A

Color

Aroma

7.74 ± 1.04

A

7.88 ± 1.09

A

7.44 ± 1.38

A

7.47 ± 1.59

A

6.51 ± 1.94
6.91 ± 1.71
6.51 ± 2.18
7.30 ± 1.58

Flavor
AB
A
AB
A

6.00 ± 1.99B

6.11 ± 2.21B

4.98 ± 2.26C

B

B

B

6.43 ± 2.12

6.64 ± 2.14

6.00 ± 2.18

5.53 ± 2.03
6.05 ± 1.76
4.63 ± 2.34
5.45 ± 2.28

Sweetness
AB
A
B
AB

3.52 ± 1.59C
5.43 ± 2.38

AB

5.06 ± 2.16
5.81 ± 2.16
4.56 ± 2.35
5.51 ± 2.24

AB
A
B
A

3.68 ± 2.01C
5.29 ± 1.91

AB

Texture
6.33 ± 1.98
6.95 ± 1.40
6.42 ± 2.20

AB
A
AB

6.67 ± 2.09AB
5.77 ± 2.12B
6.50 ± 1.81

AB

Note: In each column, values followed by different letters are statistically different accoridng to Duncan test (p<0.05)

The texture result from the Duncan as well as the two-way ANOVA analysis both
disagreed with previous instrumental texture analysis (Table 3.4). The incorporation
of 5% w/w XOS did not exert significant difference on textural attributes of
strawberry puree samples based on sensory evaluation. However instrumental
analysis showed more sensitivity in texture change under different thermal
treatments(Table 3.4). As discussed by other authors, texture analysis of food material
is complex and usually involves multidisciplinary works (A. Anton, 2007). The
different threshold of human sensory organs and instrumental equipments should also
be considered. UHT treatment affected color profile regardless of XOS incorporation
(Table 3.7). Such treatment resulted a less preference based on customers’ response.
This is consistent with two-way ANOVA results. As discussed above, the color
change may be due to the degradation of color pigments, such as anthocyanins.

3.5 Conclusion
Applications of xylo-oligosaccharides (XOS) into fruit based food vehicle, i.e.,
strawberry puree, are few of the ways to help Americans consume dietary fiber
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without compromising quality. In addition, such functional ingredients, i.e., xylooligosaccharides, exert great potential in promoting Bifidobacterium and lowering
colorectal cancer risk. In food application perspective, the addition of XOS helps
exhibit unique sweet profiles. In other words, XOS could be a potential substitute for
sucrose with additional nutrition value in promoting gastrointestinal health. One
serving size of XOS enhanced strawberry puree (1 cup) will deliver 10.8g more
dietary fiber as compared to fresh puree (considering the fiber content is 2g/100g)
(USDA National Nutrient Database for Standard Reference : USDA ARS, 2018).
After the investigation of thermal treatment and storage condition on quality attributes
of XOS enriched strawberry puree samples. We discovered that thermal treatment and
high storage temperature showed an inverse correlation with puree consistency when
compressed to 0.8, 1.5 and 2mm. However, the rigidity of most samples was
independent from thermal treatments and storage conditions. This could be due to the
reduction of molecular size distributed in the system. As for chemical analysis,
intense thermal treatment (UHT) caused most degradation in TPC, TFC and tannin
level. However, such treatments helped significantly increase antioxidant level. This
might due to the improvement of extractability of higher processing temperature.
Surprisingly, the addition of XOS helped increase the TPC level of all thermal treated
samples. This might because the hydroxyl groups ,which are naturally present in XOS
molecules, exert color reaction with Folin-Ciocalteu reagent (FCR). As expected, low
temperature storage showed better retain in TPC, TFC, tannin contents and
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antioxidant activity as compared to high temperature since the reaction speed is
greatly lower under cold temperature.
For other physicochemical properties, processing methods (HTST / UHT) and high
storage temperature exhibited more significance in changing the color profiles of the
specimen than XOS incorporation. This could be due to the chemical degradation of
heat sensitive pigments, such as anthocyanins. On the other hand, thermal treatments
showed much less significance in altering samples’ TSS and water activity level as
compared to XOS addition. The increased ratio of soluble fiber directly resulted an
increase in TSS level. The hydroxyl group in XOS may play a crucial role in water
binging capability.
The sensory evaluation revealed that samples incorporated XOS consistently received
higher scores in all sensory attributes. Besides, samples with UHT process were
scored the least in every sensory attribute of the test. HTST treated sample received
similar score in texture, appearance and aroma as compared to fresh puree.
As conclusion, the addition of XOS (5% w/w) could increase nutritional value of
strawberry puree as well as consumer preference without significantly compromising
quality attributes. Based on instrumental and sensory analysis, HTST treated
strawberry puree with XOS incorporation meet the standard of sensorial attributes of
fresh puree with improved shelf-life stability.
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The result of this work can offer a guidance to the industry on applying XOS to
strawberry puree products. Future works are still needed to investigate XOS response
to food additives in strawberry puree, such as artificial color or preservatives as well
as the stability of XOS in food systems.
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